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The nonprotein nitrogen fraction of the blood has for some time
been the object of considerable study. This is due partly to the recog-
nized intimate bearing it has on protein metabolism of the tissues,
particularly the problem of the fate of protein digestion in the body,
and partly due to the publication of methods which made possible a

much more accurate determination of this fraction than was heretofore
possible.

The studies and observations recorded so far are confined entirely
to the blood of the human adult and of lower animals. To our knowl-
edge, there is no reference in the literature on pediatrics to a study of
the nonprotein fraction of nitrogen in the blood of the infant.

The quantitative determination of this fraction and some of its
components in the newborn at various ages and at different periods of
digestion, was the object of our study.

The difficulty in securing the blood from the living infant neces-

sarily limited our observations to a study of the systemic blood only.
The total nitrogen, urea, ammonia and amino-acid nitrogen were

determined quantitatively in a series of twenty-six infants varying in
age from one half hour to 10 days old.

The source of the nonprotein nitrogen is almost entirely from the
proteins ingested into the organism. There is considerable diversity
of opinion as regards the fate of these protein digestive products in
the body. Van Slyke and Meyer1 have formulated the views held on

this question at the present time under four hypotheses.
1. Ingested proteins are absorbed and incorporated into the body

without undergoing any marked chemical change.
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1. Van Slyke, D., and Meyer, G.: Jour. Biol. Chem., 1913-14, xvi, 197.
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2. Food proteins are first hydrolyzed in the alimentary tract. The
products of digestive hydrolysis are absorbed into the blood and
carried to the tissues.

3. The products are deaminized in the walls of the intestine before
entering the circulation.

4. The products are synthetized into serum proteins before enter¬
ing the circulation.

While some of these hypotheses have at least in part been sus¬
tained by experimental proof, the work of Folin and Van Slyke and
their co-workers, working with newer and much more accurate
methods, has shown that these hypotheses are probably all more or less
incorrect. Their results seem to indicate that the ingested proteins
are completely hydrolyzed in the digestive tract. Most of their amino-
acids are thus set free. These are absorbed into the blood stream
unchanged and from there are taken up by the tissues.

Recent investigations in this field have brought out many interesting
facts and have changed some of the prevailing views on protein
metabolism.

The figures published by various observers on the amount of total
nonprotein nitrogen (by this is meant the nitrogen not precipitated by
methyl alcohol and zinc chlorid, Folin's method) in normal adult
human blood, vary within wide limits. Partly this is due to the
method used.

Schöndorf,2 Strauss,3 Rowntree and Fitz,4 Holweg,5 Widal and
Rónchese6 and Agnew7 report maximum figures ranging between 50
and 70 mg. per 100 cc. of blood.

Farr and Austin8 and McLean and Snelling9 found much lower
values.

Folin and Denis10 report a maximum of 22 mg. per 100 cc. of
blood. They found the nonprotein nitrogen in the portal blood at any
given time higher than in the systemic venous blood. Urea nitrogen
in the blood forms the largest percentage of the nonprotein nitrogen
found there.

Many of the authors before mentioned quote figures between 50
and 70 per cent. In this case again the older methods give much higher

2. Schond\l=o"\rf: Pfl\l=u"\ger'sArch., 1899, lxxix, 358.
3. Strauss: Die Chr. Nierenentzundigen, Berlin, 1902.
4. Rowntree and Fitz: Arch. Int. Med., 1913, xi, 258.
5. Hohlweg: Deutsch. Arch. f. klin. Med., 1911, civ, 216.
6. Widal and Ronchese: Compt. rend. Soc. de biol., 1906, lx, 245.
7. Agnew: Arch. Int. Med., 1914, xiii, 485.
8. Farr and Austin: Jour. Exper. Med., 1913, xviii, 228.
9. McLean and Snelling: Jour. Biol. Chem., 1914, xix, 36.

10. Folin and Denis: Jour. Biol. Chem., 1913, xiv, 29.
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results. Folin and Denis10 found between 11 and 13 mg. per 100 cc. in
human adult blood.

Recent investigation has shown some interesting facts in regard to
the urea formation and distribution in the animal organism. Folin
and Denis11 found that urea formation was a characteristic of all the
tissues, the greatest amount probably being formed in muscle, and
that contrary to older conceptions, there was no specific organ for its
formation. Folin believes that the amino-acids are in the end the
essential source of urea. Marshall and Davis12 and Fiske and Sum-
ner13 confirmed the work of Folin and Denis. They showed by direct
experiment that urea could be formed from amino-acids even if the
liver was cut out of the circulation.

The introduction of newer and more accurate methods showed the
ammonia nitrogen fraction of the blood to be much smaller under both
normal and abnormal conditions.

Folin and Denis11 found that the portal blood contained more

ammonia nitrogen than the systemic blood and that the amount of
ammonia in the systemic blood under ordinary normal conditions was

infinitesimal in amount. They were able to show also that the greater
amount of the ammonia in portal blood is derived from the large
intestine.

Recent publications have dealt largely with the amino-acid nitrogen
in the blood. It is the most important fraction of nonprotein nitrogen.

Delaunay14 working with the formol titration method of Sörensen15
first demonstrated the presence of amino-acids in the blood of animals.
The amount varied in different parts of the circulatory system, but was

generally low in the systemic and high in the portal circulation. Pre¬
ceding him, Van Slyke16 had devised a very accurate gasometric
method for the determination of amino-acids in fluids and tissues.

Van Slyke and Meyer17 found that the blood of the fasting animal
contained from 3 to 5 mg. of amino-acid nitrogen ; also that introduc¬
tion of amino-acids into the small intestine increased the amino-acid
nitrogen of the blood of the mesenteric vein from 3.9 to 6.3 mg. per
100 cc, and this increase affected the blood from the femoral artery
almost as much as that taken directly from the mesenteric vein.

11. Folin and Denis: Jour. Biol. Chem., 1912, xii, 141.
12. Marshall and Davis: Jour. Biol. Chem., 1914, xviii, 53.
13. Fiske and Sumner: Jour. Biol. Chem., 1914, xviii, 285.
14. Delaunay, H.: Contrib. \l=a`\l'\l=e'\tudedu r\l=o^\ledes acides amin\l=e'\sdans l'organ-

isme animal Th\l=e`\sede Bordeaux, 1910.
15. S\l=o"\rensen: Biochem. Ztschr., 1908, vii, 45.
16. Van Slyke: Proc. Soc. Exper. Biol. and Med., 1909, xii, 46.
17. Van Slyke and Meyer: Jour. Biol. Chem., 1912, xii, 399.
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Abderhalden and Lampé,18 using the ninhydrin color reaction,
detected amino-acid nitrogen in the blood and confirmed the results of
Van Slyke and Meyer.

Dobrowolskaja19 found an increase in amino-acid nitrogen in both
portal and peripheral systemic blood during digestion. Costantino20
published similar results.

Wolkow21 found only a slight increase in the peripheral blood, gen¬
erally about 4 mg. to 100 cc of blood. The experiments of Van Slyke
and Meyer proved conclusively that amino-acids normally pass the
intestinal wall unchanged and enter the blood-stream directly, thus
controverting a theory advanced by Abderhalden22 that they are

synthetized into blood proteins while passing the intestinal wall and are

only broken down again to amino-acids when they reach the tissues.
In the series of cases we are reporting all the determinations are

only on systemic venous blood. From 15 to 20 cc of the blood were
taken under aseptic precautions from the median basilic vein of the
arm and at once taken to the laboratory for the determinations.

In four of the cases the infants had not yet been fed ; in one of
these cases the blood was taken one-half hour after birth. In the other
cases the period after feeding at which the blood was taken varied
between one-half and four hours.

The ammonia determinations were generally completed within less
than one hour after taking the blood.

Total nitrogen, urea and ammonia were determined according to
the micromethods devised by Folin and Denis.23 In a part of the series,
the urease method recently published by Van Slyke and Cullen24 was
used. The amino-acid nitrogen was determined according to the
gasometric method of Van Slyke and Meyer.25 Five cubic centimeters
of blood were used for all the individual determinations except those
done with the urease method. In these 3 cc of blood were used. A
few of the amino-acid determinations were carried out on 2 cc. of
blood (Cases 1 and 2). The urea and total nitrogen were determined
together in the same specimen of 5 cc In this determination the
blood was precipitated with methyl alcohol and the filtrate again with
zinc chlorid. The slight modification recommended by Bock and
Benedict26 of distilling off the ammonia instead of driving it over with

18. Abderhalden and Lamp\l=e'\: Ztschr. f. physiol. Chem., 1912, lxxxi, 473.
19. Dobrowolskaja: Ztschr. f. physiol. Chem., 1913, lxxxvii, 325.
20. Costatino: Biochem. Ztschr., 1913, lv, 402.
21. Wolkow: Ztschr. f. physiol. Chem., 1913, lxxxvii, 334.
22. Abderhalden: Synthese der Zellbausteine, 1912.
23. Folin and Denis: Jour. Biol. Chem., 1912, xi, 527.
24. Van Slyke and Cullen: Jour. Biol. Chem., 1914, xix, 211.
25. Van Slyke and Meyer: Jour. Biol. Chem., 1912, xii, 402.
26. Bock and Benedict: Jour. Biol. Chem., 1915, xx, 41.

Downloaded From: http://archpedi.jamanetwork.com/ by a University of Arizona Health Sciences Library User  on 06/08/2015



 c a:
i—* i—< O CM "O

'

lO fO CO PO to CO 10
•

lo rr> • O CM
8QOOO -OOOQOQO *OQ *00oqqq :ppppppp : oo :oo
ööööö

 

ööööoöo *öö 'do
SSöö

.2 c

Sl 8888
öööoöö :ooö•odd

-* V G

aal.
• oo oo vn m  * oo

CM'—'OÔ'—'OO'—' O
oooooooo©
öööödoööö

G G
_. (ü OJS g>Qu p I

eis
 *  * CM 00 >0 Tf
^» ^H ^H Q ^ CM
oooopoöööööö

•o
 8
• d

'S G

s££ ÇMS^ÇM CM cop p o poodddddd :o
•d

cOTf^CMcoCMCM^i" " ^H-^J-'gcOrO'gcOTj-co O O ' ^rH .—I CO "-*"

Oí
<

en en co tn
vj m wj u,

>i>>>,>>>>>,;>>>>:>.>>3 >> 3 >> >, 3 >, >, 3 3 3 >,>,>,;>, 3rtrirtrtcäröricjrtrtOcaOcacaOfirtOOOninirtcSo
•o-o-a-o-ö-o-o-o-o-o.c-o.c-a-a.G-a-u.a.G.G-o-o-a'O.a
C<l^tn^c>JC»O(MCnc>JCNCMCn'-=r-00 0000C0c-0'--'sj<CM\0CM00O

V..C
C 00 i

pooo u-, o^QOoQQ*oinoooooinOooioOoM9P^Q^00^01OOCO,OChCNiOTi-CAir)(Nl<N\OOiO'-iOO'-^CA CO^O 0\m »-^CM^IO CO CM^CO ^f^^^O VO t^ VO CM *^00 CO tN. ^f o\
co~CM CM"coCM"CM"CM"cocOCM^POCM"^cOC>ÍC>írO

CU o
^CMCOrrinv0l"^CX>O\©"--iCMf0Ti-iovor^000\O.-<CMtOTf-u->*O

Downloaded From: http://archpedi.jamanetwork.com/ by a University of Arizona Health Sciences Library User  on 06/08/2015



SCHLUTZ AND PETTIBONE—NITROGEN IN BLOOD 211

an air current was used in both total nitrogen and urea determinations.
In the urea determinations with the urease method, ammonia and urea

are combined.
Van Slyke found the ammonia fraction so small, if the blood is

used within one hour, that it can be disregarded. The urea deter¬
minations with Folin's method and the urease method of Van Slyke
check closely. In the amino-acid determinations the blood was precipi¬
tated with ethyl alcohol and allowed to stand for twenty-four hours.
A review of our different results shows that the total nonprotein nitro¬
gen per 100 cc of infant's systemic blood is approximately the same
as in the adult. The age and weight of the infant and the period after
feeding have no bearing.

The percentage of urea nitrogen is uniformly high and averages
about 50 per cent, of the total nitrogen. It was lowest in the new-born
infant one-half hour old, and in the infants which had not been fed.

The amount of ammonia nitrogen is extremely small in every
instance and is also not influenced by the age of the infant or time
after feeding. Probably the most interesting fact brought out is that
amino-acids are constantly present in appreciable amounts in the
infant's blood and were found present shortly after birth when no

feeding had as yet been given. In this connection the work of Koelker
and Slemmons27 is interesting, possibly explaining the probable source

of the amino-acid in the blood of the infant just born or before the
first feeding. These authors isolated twelve different amino-acids from
placental blood.

In the case of amino-acids again, the time of feeding apparently
has no appreciable effect on the amount of amino-acids present in the
systemic blood of the infant.

It can hardly be said that the changes in the nonprotein nitrogen in
the systemic blood reflect the stages of protein digestion. It should be
borne in mind that in this series no attempt was made to correlate the
amount of food taken with the amounts of the various factors deter¬
mined.

Further experiments bearing on this particular problem and also
on the nonprotein nitrogen content of placental blood, are in progress.

27. Koelker and Stemmons: Jour. Biol. Chem., 1911, ix, 471.
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